7
AD=-Alle 790 EIC LABS INC NEWTON MA F/6 10/3 ) A
LITHIUM CYCLING IN POLYMETHOXYMETHANE SOLVENTS. (U}
UN 82 J S FOOSs J MCVEIGH NOOOI‘O-77-C—0155
UNCLASSIFIED

EN D

Soaen
2

D'vc

a

\
a




a0 A116790

B FILE copy

OFFICE OF NAVAL RESEARCH

Contract No. N00014-77-C-0155

Task No. NR 359-638
TECHNICAL REPORT NO. 7

LITHIUM CYCLING IN POLYMETHOXYMETHANE SOLVENTS
by

J. S. Foos and J. McVeigh

Prepared for Publication
in the

Journal of the Electrochemical Society

EIC Laboratories, Inc.
67 Chapel Street
Newton, Massachusetts 02158

June 1982

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Approved for Public Release; Distribution Unlimited

82 0% 1»

DTIC

ELECTE

JUL 12198 2

D

019




SECUMTY CLASSIFICATION OF THIS PAGE (When Dete Entere
READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
SRV :r—.o—w—amﬁrmm—

TECHNICAL REPORT NO. 7
4. TITLE (and Sudiile)

LITHIUM CYCLING IN POLYMETHOXYMETHANE SOLVENTS

5. TYPE OF REFORT & PEMOD COVERED
Technical Report ;

8. PERFORMING ORG. REFPORT NUMBER
. CONTRACY OR GRANT NUMDENR(s) f

N00014-77-C-0155

7. AUTHON(9)

J. S. Foos and J. McVeigh

9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT. PROJECT, TASK
EIC Laboratories, Inc. . AREA & WORK UNIT NUMBERS :
67 Chapel Street NR 359-638 {
Newton, Massachusetts 02158
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research/Chemistry Program o 0322251982 |
Arlington, Virginia 22217 ' 11 ‘
4 MONITORING AGENCY NAME & ADDRESS(if different from Contralling Ollice) 18. SECURITY CiL ASS. (of this report) 4
UNCLASSIFIED 1
E
15e. DECLASSIFICATION/DOWNGRADING
SCHEDULE k
16. DISTRIBUTION STATEMENT (of thie Report) Accession For
RTIS GRAI X
. . DTIC TAB 0
Approved for Public Release; Distribution Unlimited. Unannounced a
Justification ]
—
17 ODISTRIBUTION STATEMENT (of the sbetrect entered In Block 20, I ditlesent from Report) BY
_Ili_s.tr‘itut{c.n/ﬁ i
Availability ",:',‘cs_ p
T Avail el o i

J,Dist | Sprsiol

A

Submitted for Publication in the Journal of the Electrochemical Society.

18, SUPPLEMENTARY NOTES

iy by block ber)

19. REY WORDS (Continue on reverse side I nocossary and 1d:

Lithium Batteries, Dimethoxymethane, Trimethoxymethane, LiAsFg,
Cyadling Efficiency.

20 A@nc? (Centinue on teverse side If y and identily by Block number)
Solutions of LiAsFg in dimethoxymethane (DMM) and trimethoxymethane .
(TMM) are shown to be conductive and capable of cycling Li in high effi- s
: ciency in half-cells. 1Inspection of electrolytes stored at 70°C in the
presence and absence of Li indicated that TMM is more stable than DMM.
However, DMM cycles Li much better than TMM after storage.
\

BT A ST PN

FORM
DD , ax s 1473 woimion oF vwov e 13 OnsorLETE UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (ﬁ” Dete Bntered)




LITHIUM CYCLING IN POLYMETHOXYMETHANE SOLVENTS

J. 8. Foos and J. McVeigh
EIC Laboratories, Inc., 67 Chapel Street, Newton, MA 02158

Introduction -

During the past few years several Li battery electrolytes have been
reported which allow the plating and stripping of Li in greater than 95%
efficiency at 25°C. Newman reported the use of LiCl04 in dioxolane in
Li/TiSy cells (l). The cycling efficiency in these cells is very good but
" unfortunately they are susceptible to detonation (2).' Koch has reported
the use of 2-methyltetrahydrofuran (2Me-THF) (3) and diethyl ether blends
(4) as solvents for LiAsFg in Li half-cells. The conductivity of these
electrolytes is low.

The solution of LiAsFg in dioxolane is an electrolyte with good
conductivity but is reported to polymerize readily (5). Ring straih may
contribute to the reactivity of dioxolane. It might be anticipated that
the open-chain analogues of dioxolane might be less reactive. Dimethoxy-
methane (DMM)I and trimethoxymethane (TMM)II were investigated as solvents

for possible use with LiAsFg in Li batteries.

CH; (OMe) 5 CH(OMe) 3
I- II

We wish to report that these solvents produce conductive solutions

with LiAsFg, show good stability at 70°C, and cycle Li well in half cell

tests,
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Experimental

The solvents, DMM and TMM (trimethyl orthoformate), were obtained
from the Aldrich Chemical Company. Before use the solvents were purified
first by preliminary drying using MgsO4 and/or molecular sieves (3A or 4A)
for DMM; and molecular sieves (3A or 4A) only for TMM. Subsequently they
were distilled from Na benzophenone ketyl (6). Some difficulty was en-

countered in forming the blue ketyl in TMM. This was attributed to surface

films on the Na which can be disrupted by placing the reaction flask in an

ultrasonic bath.

The electrblytes for cycling and storage tests were prepared using

LiAsFg (U.S. Steel, as-received) with cooling using Cu shot previously

cooled by dry ice. The solvents, if treated with alumina, were passed

through a column of activated alumina (Woelm N-Super 1) and the first 10%

discarded. Where applicable, pre-electrolyses were done by passing a cur-

rent (1 mA/cm?) between two Li metal electrodes (~30 cm?) suspended in the

electrolyte (100 ml) for ~16 hrs.

Conductivities were obtained using dried distilled DMM and TMM. The '

conductivities were determined in conductivity cells with cell constants

determined using aqueous KCl. An AC conductivity bridge (YSI Model 31) was

used to measure the cell resistance., The conductivities were determined

at, or corrected to, 25°C with a precision of ~5%.

The storage tests were done in screw cap (Teflon-lined) glass vials.

These were stored at 70°C.
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The Li cycling was done in prismatic glass cells containing 15-20 ml
electrolyte; This experiment, described previously (7), involves making a

pre-plate of 4.5 C/cm2 of Li on a Ni substrate (Ni shim) followed by strip-
ping and then re-plating 1.1 c/cm? on the pre-plated Li. The averaée effi-
ciency per cycle ﬁ. is calculated in Eq. (1):

Qex

op - Zex
E=-—_D_ (1)
Qs

where n is the number of apparent "100%" cycles, Qg is the charge stripped
(1.1 C/cmz); and Qa4 is the charge in the excess Li (3.4 C/cmz) at the
start of the experiment.

Solution preparation and the electrochemical experiments themselves
were conducted at room temperature under an Ar atmosphere in a Vacuum-
Atmospheres Corporation dry box equipped with a Model HE-493 Dri-Train.
Results

Conductivity of Electrolytes. 1In order to minimize electrolyte IR

drop, the electrolyte in a battery should show maximum conductivity. The
solvents I and II give electrolytic solutions with greater conductivities
than most other non-cyclic ethers.

The conductivities of solutions of LiAsFg in ethers are generally
high as compared to solutions of other salts such as LiCl04, LiBF4, etc.
For instance, the maximum conductivity of LiAsFg in THF is 0.017 Q-1 em~1
(7) as compared to 0.006 and 0.004 for LiClO4 (8) and LiBF4 (9), respec-
tively. The ethereal solutions of LiAsFg previously known to cycle Li with
high efficiency, i.e., 2Me-THF and DEE blends, have maximum specific con-

ductivities in the 0.002-0.004 Q-1 cm) range.
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Conductivity vs. concentration profiles for LiAsFg in DMM and TMM

are shown in Figure 1. The conductivity profiles are typical for solutions
of LiAsFg in ethers and show maximum conductivities of ~0.0065 g1 em”l
for DMM and ~0.008 §~1 cm~1 for TMM.

Lithium Cycling in Half-Cells. The plating and stripping of Li at

25°C is a rigorous test of electrolyte stability. Electrolytes were eval-
uated for half-cell cycling efficiency using electrolytes prepared using
distilled solvent (D), distilled solvent treated with alumina (DA), and
electrolytes that were additionally pte-elecfrolyzed (DP) .

The freshly plaéed Li, generated during pre-electrolysis, should be
especially reactive. It was hoped that this Li would react with impurities
in the electrolyte giving insoluble reaction products and thereby purify
the electrolyte. The results for DMM and TMM electrolytes are shown in
Table 1. This table shows representative cycling efficiencies which illus-
trate the effect of different purification on Li cycling. 1In these tests,
both electrolytes show high cycling efficiency.

Electrolyte Stability at 76°C. The cycling test above allows the

evaluation of room temperature stability of the electrolyte towards freshly
plated Li over the period of the experiment, one or two days. An accel-
erated test for long term stability is the storage of electrolytes at 70°C
in the presence and absence of Li. A solvent, 2Me-THF, which has proved

useful in Li/TiSj cells shows excellent stability when stored with Li at

70°C (7).
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Stability tests were conducted by storing samples of 1.5M LiAsFg in

DMM and T™M in the presence and absence of Li at 70°C. The results are
shown in Table 2. The TMM appears more stable with no apparent reaction
noted at 20 days at 70°C. ‘These tests may be somewhat misleading. Al-
though no reaction was observed visually, the TMM electrolyte satored at
70°C with Li subsequently failed completely to cycle Li. The DMM results
were variable, with the results reported typical of several tests. Despite
the apparent lack.of stability in DMM electrolytes, the samples stored with
Li retained moderate cycling ability.
Discussion

The conductivity of the electrolytes studied make them interesting
candidates for Li battery use. However, the stability of the electrolytes
under actual cell conditions is of primary concern. This includes stabi-
lity towards reduction by Li and to thetmal decomposition in the bulk elec-
trolyte. The half-cell cycling results indicate a relatively high degreev
of stability of electrolyte towards Li. However, this test is somewhat
insensitive to electrolyte decomposition due to the large excess of elec-
trolyte present. The variation of the cycling efficiency with purification
appears to be reproducible. It is attributed to variations of the levels
of impurities, What is not clear is the nature of the impurities and
whether they improve half-cell and storage test behavior. It may be that
the electrolyte contéining only pure solvent and salt would give the best
results. On the other hand, perhaps small amounts of impurities may scav-
enge undesirable reactive intermediates. Differentiating between these

possibilities is difficult.

—— - e s s
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‘ ‘ In this work, electrolytes which were optimized in half cell work
were chosen for storage tests and cycling after storage. The DMM elec-
trolytes (D and DA) gave similar cycling efficiencies before storage and 1

similar, though decreased, efficiencies after stotage; The electrolyte

purified with alumina (DA) gave contradictory results in that it appeared
more stable than the DMM (D) in the presence of Li and less stable in the i

absence of Li. The TMM electrolyte also gave contradictory results by

showing no apparent reaction in stability tests and yet failing to cycle

after storage.

The above observations illustrate the difficulty in evaluating elec-

trolytes for Li batteries half-cells and the appearance of storage tests.

Further investigation of these electrolytes in Li/TiS; test cells as well

as a more thorough chemical analysis of the storage tests is in progress.

We wish to acknowledge the support of the Office of Naval Research

for this research.
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FIGURE CAPTION

Fig. 1. Conductivity of LiAsFg solutions in DMM and TMM (25°C).
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TABLE 1

HALF-CELL CYCLING TESTS USING DMM AND TMM ELECTROLYTES

1.5M LiAsFg in DMM

1.5M LiAsFg in TMM

(D)
(DA)
(DP)
(D)

(DP)

97.

97.

96.

93.

95.

3%

5%

5%

2%

1%




TABLE 2

ELECTROLYTES AT 70°C

STORAGE TESTS AND CYCLING AFTER STORAGE USING DMM AND TMM

Solvent With Li Without Li

DMM (D) Electrolyte clear with a small Electrolyte clear >10 days
amount of Li corrosion at 10 then darkened rapidly.
days.

DMM (D) Cycled after 10 days storage
with Li + 87.5%.

DMM (DA) Electrolyte clear with a small Electrolyte dark at 6 days.
amount of Li corrosion, > 1
month.

DMM (DA) Cycled after 10 days storage
with Li + 86.9%.

T™M (D) No reaction at 20 days. No reaction at 20 days.

TMM (DP) Cycled after 14 days with Li

(no reaction) + 08%.
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